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Congruence and resolution of two independent data sets (morphology and cytology) were 
compared in a phylogenetic analysis of ten Mediterranean species representing four genera 
of Homosclcrophorida (Demospongiae). Two aspiculate genera (Oscarella, 
Pseudocorticium) and two with a siliceous skeleton (Plakina, Corticium) werc studied to 
assess the validity of the traditional classification recognizing two families Plakinidae and 
Oscarellidae, respectively with and without a skeleton, with Discodermia polydiscus 
(Tetractinomorpha) used as an outgroup. Cytological data showed highest consistency but 
poor resolution, support, and average performance, probably due to low number of 
informative characters. It was the only data set that supported the monophyly of 
Oscarellidae. Morphological data had better congruence and support than cytological data, 
and indicated the non-monophyly of Oscarellidae. Combined analyses yielded a ‘total 
evidence’ trec topologically similar to that of morphological data, although with greater 
bootstrap support (average 64.7% per branch). The combined data set should be chosen for 
classification of Homosclerophorida because it includes all evidence available and showed 
the best general performance with the indices measured. Therefore, a classification including 
Oscarella and Pseudocorticium within Plakinidae is supported over the alternative, less 
parsimonious option which recognizes Oscarellidae as monophyletic. O Porifcra. 
Homosclerophorida, phylogeny, morphology, cytology, W Mediterrancan. 
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Over the last few decades several new, 
non-morphological characters have been 
proposed for sponge taxonomy (e.g., 
embryological, cytological, biochemical and 
molecular data), in an effort to overcome long 
standing problems in traditional classification 
based solcly on morphology. However, the 
relative merits of different types of characters 
have rarely been evaluated in a phylogenetic 
framework (but see Hajdu & Van Soest, 1996). 
The present study compares the phylogenetic 
information content of morphological and 
cytological data sets in the resolution of a 
particular phylogenetic problem in Porifera, viz. 
the monophyly of Oscarellidae Lendenfeld, 
1887. 


Homoscleromorpha Lévi, 1973, with its single 
order Homosclerophorida Dendy, 1905, is 
widely accepted as a monophyletic group (e.g., 
Bergquist, 1978; Hartman, 1982; Van Soest, 
1987; Diaz & Van Soest, 1994). Its 
synapomorphic traits include viviparous 
cinctoblastula larvae, a basement membrane 
lining the pinacoderm and choanoderm, and both 


exo- and endopinacocytes being flagellated 
(Boury-Esnault et al., 1984, 1995; Diaz & Van 
Soest, 1994). Its outgroup relationships are still 
debated; despite the fact that a relationship to 
Calcarea, Calcaronea, has been postulated based 
on shared tetractinal symmetry of spicules and 
possession of amphiblastula larvae (Van Soest, 
1984; Grothe & Reitner, 1988), it is more 
generally accepted that these are homoplastic 
traits and Homosclerophorida is more closely 
related to Demospongiae, Tetractinomorpha, due 
to the shared presence of siliceous tetractinal 
calthrops spicules (Diaz & Van Soest, 1994). 
Homosclerophorida is usually divided into two 
families, Plakinidae Schulze, 1880 with five 
genera bearing tetractinal spicules and 
derivatives (Corticium Schimdt, 1862, Plakina 
Schulze, 1880, Plakinastrella Schulze, 1880, 
Plakortis Schulze, 1880, and Placinolopha 
Topsent, 1897; sec Diaz & Van Soest, 1994), and 
the monotypical Oscarellidae with genus 
Oscarella Vosmaer, 1884 without a skeleton 
(Lévi, 1973; Bergquist, 1978; Hartman, 1982). 
The recently described genus Psendocorticium 
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TABLE 1. Species of Homoselerophorida studied from Marseille, 
France. Discodermia polydiscus is an outgroup (Tetractinomorpha: 
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Corticium and Pseudocorticiun). 
Discodermia polydiscus Du Bocage, 


Lithistida). 1869 (Tetractinomorpha: Lithistida: 
7 A A : 1eonellidae), was used as outgrou 
Site of Specimens qT llidac) d tg 
“ ec +] . 
Species ] Author Collection Denth (m) Samied in all analyses. Although 
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—_— CILL E { relationships with the Astrophorid 
patie (Schmidt, 1862) | La Vesse 15-35 27 familics Ancorinidae Schmidt and 
= 7 ey Geodiidae Gray have been 
E La Vesse, Jarre . © 
Oscarella Sc eae. 5-35 e demonstrated by analyses of both 
ia aa Cave morphological data and DNA 
Oscarella Muricy et al.. Jarre and 15-20 8 sequences (Kelly-Borges & 
| microlobata | 1996 | Gameau Caves = Pomponi, 1994). The hypothesis 
Oscarella | Muricyetals | Jarre Cave 15-20 6 that ectosomal discotrienes of 
viridis 1926 re | Discodermia are homologous 
molakina | Schulze, I880 | Grand Congloue 15 3 (although distantly related) to 
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lb Schulze, 1880 | Jarre Cave 15-20 12 derived from a common tetractinal 
EA E 7 || ancestor spicule, is implicit in the 
Plakina Muricy et al., a A A ete 
| endoumensis 1998 ia eS ee $ choice of this particular outgroup. 
Po | logical characte een 
Plakina jani e ae Gameau Cave 15-20 15 | Cyto ogical caracter have bee 
: o > | proposed as useful taxonomic tools 
Discodermia | DuBocage, | Gameau Cave 15-20 ia at the species level, both in Homo- 
We pohdisews 1202 3 — —| sclerophorida (Boury-Esnault et al., 


Boury-Esnault et al., 1995, although aspiculate, 
is more similar to Corticium than to Oscarella in 
its biochemical characters (allozyme patterns; 
Solé-Cava ct al., 1992, as Corticium sp.) and in 
several morphological characters (presence of a 
cortex, leuconoid aquiferous system with 
diplodal chambers, cartilaginous consistency, 
perforated surface; Boury-Esnault et al., 1995). 
This led to a proposal to abandon the taxon 
Oscarellidae and to merge all homoscleromorph 
genera into a single family Plakinidae (Solé-Cava 
et al., 1992; Diaz & Van Soest, 1994; Boury- 
Esnault et al., 1995). The problem at the level of 
character evolution is whether the absence of 
skeleton in Oscarella and Pseudocorticium is a 
convergence, a plesiomorphy, or a synapo- 
morphy. Phylogenetic relationships among 
genera in Homosclerophorida remain unstudied, 
and therefore the validity of Oscarcllidae, 
containing Oscarella and Pseudocorticium (both 
aspiculate), is questionable. This is currently a 
major phylogenetic problem in the classification 
of Homosclerophorida. 


In this study, the consistency and resolution of 
two data sets (morphological and cytological) 
were compared in a phylogenetic analysis of ten 
Mediterranean species in four genera of Homo- 
sclerophorida (viz., Oscarella, Plakina, 


1984, 1992, 1995; Muricy et al., 

1996, 1999) and in other sponge 
groups (e.g. Simpson, 1968; Pomponi, 1976; 
Vacelet & Donadey, 1987; Boury-Esnault et al., 
1994). The present study aimed to compare the 
congruence and resolution of phylogenetic 
estimates derived from morphological and cyto- 
logical data sets at the genus and family levels in 
Homosclerophorida. The two individual and 
combined data sets were also compared as to their 
support for the monophyly of Oscarellidae. 
Alternative hypotheses on phylogenetic 
rclationships between the four genera of Homo- 
sclerophorida studied are discussed. 


MATERIALS AND METIIODS 


Samples of ten homosclerophorid species and 
one outgroup species (Table 1) were collected 
using SCUBA between 1984-1995 from caves 
and vertical walls at 10-30m depth along the 
coast of Provence, Western Mediterranean, 
France (5°20’W, 43°10°N). For the 
morphological study, samples were fixed in 
formalin or glutaraldchyde/ sodium cacodylate, 
dehydrated in an alcohol series and included in 
Araldite. Thick and semi-thin sections were 
stained with toluidinc blue and studied under 
light microscopy (LM). Spicules were observed 
under LM or scanning electron microscopy 
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(SEM) after sputter-coating with gold- 
palladium. Complete descriptions of cach 
species studied and their important 
morphological and cytological characters are 
given elsewhere (Schulze, 1880; Ridley & 
Dendy, 1887; Topsent, 1895; Boury-Esnault et 
al., 1984, 1992, 1995; Muricy et al., 1996, 1998, 
1999). Vouchers were deposited at the sponge 
collections of the Muséum National d’Histoire 
Naturellc, Paris (MNHN) and the Museu 
Nacional of thc Universidade Federal do Rio de 
Janciro, Brazil (UFRJPOR). For the cytological 
study, specimens were fixed as described by 
Boury-Esnault ct al. (1984): glutaraldchyde 2.5% 
in a mixture of 0.4M cacodylate bulfer and sea 
water (4 vol.: 5 vol.; 1120mOsm) and postfixed 
in 2% osmium tetroxide in sea water. Thin 
sections, contrasted with uranyl acetate and Icad 
citrate, were observed under TEM in a Hitachi 
Hu 600 microscope. Cytological data on 
Discodermia polydiscus are based on the 
author’s unpublished observations and those of 
N. Boury-Esnault (pers. comm., 1993), 


All parsimony analyses were carried out using 
PAUP 3.0 (Swofford, 1991). In all searches, the 
following options were used: algorithm = branch 
and bound; keep minimal trees only; addition 
sequence furthest; collapse zero-length 
branches; multistate taxa = polymorphisms; 
optimization = ACCTRAN; rooting by outgroup 
(=Discodermia polydiscus), all characters 
unordered, with equal weights. Dependence 
between characters was checked by searching the 
data matrix for characters with identical distrib- 
ution of states among taxa (Appendices 1,2). 
Although some characters were excluded by this 
method (e.g. presence/absence of spicules and of 
an ectosomal skeleton), total similarity in 
distribution of sevcral characters was considered 
fortuitous (i.e. not artifacts of charactcr coding), 
and these traits werc thus kept in the phylogenetic 
analyses (characters 7, 18; 13, 15,32, 33,34: 16, 
17; 19, 20; 21, 22; 23, 24; 38, 40; 41, 42). 
Presence/ absence of spicules was excluded from 
the analyses because it was a key-character in the 
hypotheses tested, and to avoid redundancy with 
characters 19-26 (spicule types). Its evolution 
was traced a posteriori using MacClade 3.0 
(Maddison & Maddison, 1992), as well as that of 
all other unambiguous character-state changes. 
Onc thousand minimal random trees (MRTs) 
were generated and their length distribution was 
compared to the most parsimonious trees 
obtained for the real data. The observed length of 
the most parsimonious trees never excceded that 
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of the shortest randomized trees, and therefore it 
was accepted that the original data differed 
significantly (P<0.001) from randomness in all 
data sets. The following information was 
recorded for each individual and combined data 
sets: number of characters, number of 
informative characters, number of most parsim- 
onious trees (MPTs), length of MPTs, number of 
extra steps (e), consistency index (CI), homo- 
plasy index (HI), rescaled consistency index 
(RC), difference in steps between MRTs and 
MPTs, majority-rule consensus tree, number of 
branches involved in polytomies, bootstrap 
support for cach branch, and unambiguous 
character-state changes supporting each branch 
(Swolford, 1991). These parameters measure 
either the internal consistency (congruence) of 
each data matrix, the resolution of phylogenetic 
estimates, or the support for the phylogenics 
dcrived from the differcnt data sets. Bootstrap 
support for branches in consensus trees 
(Felsenstein, 1985; Li & Zharkikh, 1994) was 
calculated by 100 replicated branch and bound 
searches, with the same options held constant as 
described above. The number of extra steps in 
cach analysis was used to measure incongruence 
due to disparity within and bctween data sets, 
analogous to analysis of variance (Mikevich & 
Farris, 1981; Kluge, 1989). Individual and 
combined data sets were ranked according to 
their relative performances on average for all 
indices measured, with the exception of extra 
steps and rescaled CI, which were redundant with 
HI and Cl, respectively. 
RESULTS 

OF 30 morphological characters, 24 (80%) 
were phylogenetically informative lor parsimony 
analysis, which resulted in three MPTs 67 steps 
long, with a fully-resolved majority-rule 
consensus tree (Fig. 1). MPTs of morphological 
data set required 14 extra steps, with intermediate 
consistency (C1=0.79, RC=0.61), and relatively 
high homoplasy (HI=0.25; Table 2). The 
majority-rule consensus tree (Fig. 1) supported 
monophyly of both Plakina and Oscarella 
(bootstrap=82-89%), but suggested non- 
monophyly of Oscarellidae. The alternative clade 
[Plakina + Oscarella] is supported by relatively 
low bootstrap (49%), but also by seven synapo- 
morphies: small lobes, surface wrinkled, soft 
consistency, sylleibid canal system, eurypylous 
choanocyte chambers, ectosome between 5- 
50mm thick, and proportion of mesohyl to 
chambers less than 1:1 (Fig. 1). Corticium 
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TABLE 2. Summary of information 


on 
Homosclerophorida congruence. Abbreviations: MPTs, 
most parsimonious trees; MRTs, minimal random trees; e, 
number of extra steps; Cl, consistency index; HI, 
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candelabrum is placed as sister-group of the 
clade |Plakina + Oscarella|, with 
Pseudocorticium jarrei as the most basal 
ingroup branch. Complete loss of spicules 


homoplasy index; RC, rescaled consistency index. 


appeared convergently in Oscarella and 


Pseudocorticium. Bootstrap support per 


branch was intermediate among all analyses 


(average 62.2%). Morphological data were 
more informative for skeleton-bearing than 
for aspiculate species, as expected, since 
skeletal characters comprised 13 out of 30 


morphological characters included in the 


analysis. 
Parsimony analysis of cytological data 


yielded seven MPTs, of length 25 (4 extra 


steps). The cytological data set showed the 


smallest amount of homoplasy among all 


analyses (CI=0.84, RC=0.65, HI=0.16), but 
also the smallest number of informative 


characters (9 of 17; Table 2). All MPTs and 
their consensus (Fig. 2) supported the mono- 


phyly of Oscarellidae (with 54% of bootstrap 
support), with both genera Oscarella and 


Information Morphology dil Cytology Combined 
Character numbers 1-30 31-47 1-47 
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| cl 0.79 0.84 0.78 
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| e 14 4 21 
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No. of branches in A 
A 0 2 0 
| polytomies 
t 
No. of unambiguous 25 4 32 
E changes i | = 
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FIG. 1. Majority-rule consensus of 3 most parsimonious 
trees of the morphological data set. Numbers beside 
branches are bootstrap support for the branch, and the 
percentage of MPTs displaying the branch (within 
parenthesis). Synapomorphies (within circles) are 
indicated as ‘character.state’: A = 4.1; B = 5.1, 6.1, 
LOVE 2215 1625.17.22 C= 1915 20-1, 27:2; D= 
2301, 24.1, 25.128 = 15156-05721; 1031441, 161 17.4, 
18.1. Homoplasies (within rectangles) are: F=5.2;G= 
2.1, 4.2; S = absence of spicules. For the names of 
characters and states see Appendices 1-2, 


Plakina indicated as paraphyletic, and 

Corticinu placed in the most basal ingroup 

branch. Absence of spicules appeared as a 

synapomorphy for Oscarella and 
Pseudocorticiuu. Support to all resolved 
branches was generally low (average bootstrap 
40.7%, 0-2 synapomorphies per branch). This 
was the only data set that suggested monophyly 
of Oscarellidae, including Pseudocorticium 
jarrei within the genus Oscarella as 
sister-species of O. microlobata. The clade 
| Oscarella + Pseudocorticiumi| is supported by 
synapomorphies 31.1 (triangular apopylar cells) 
and 44.0 (absence of sclerocytes). Cytological 
characters allowed better resolution and stronger 
support to the aspiculate homosclerophorid 
species than to the skeleton-bearing Plakina and 
Corticium. 


The combined data set provided 33 
informative characters (70.2%), which resulted 
in one MPT. 95 steps long (21 extra steps). As the 
combined data included all thc homoplasy 
(incongruence) hypothesized within each data 
set and between data sets, consistency was 
slightly lower than that of any individual 
analyses (C1=0.78; RC=0.57; HI=0.25; Table 2). 
The single MPT (Fig. 3) supported the mono- 
phyly of both Plakina and Oscarella, with 
significant bootstrap (72-87%). It also supported 
the non-monophyly of the Oscarellidae, 
showing Corticiun as the sister group of a clade 
[Plakina + Oscarella] which was supported by 
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TABLE 3. Rankings of data sets according to their 
performance in each index measured (data from 
_Table 2) and on average. Abbreviations as for Table 2. 


= = 
| Index _ aE Morphology Cytology Combined 
¡ No, of characters 2 3 1 
No. of informative 4 3 1 
characters on EL we _| 
No. of MPTs 2 8 3 l 
CI 2 1 3 
HI 2 1 2 
MRTs minus MPTs 2 =) 3 1 
No. of branches in 1 3 1 
polytomies | E 
No. of unambiguous 3 3 i 
J changes E ki 
Mean bootstrap per | 4 3 1 
branch (%) E = 0 | 
Sum of rankings | 17 235 12 
|_ Average ranking 2 3 1 
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FIG. 2. Majority-rule consensus of 7 most parsi- 
monious trees of the cytological data set. Key as for 
Figure 1. Synapomorphies (within circles) are 
indicated as ‘character.state’: A = 31.1, 44.0; B = 
38.1, 40.1; S = absence of spicules. For the names of 
characters and states see Appendices 1-2. 


66% of bootstrap and by 8 synapomorphies 
(small lobes, wrinkled surface, soft consistency, 
sylleibid canal system, eurypylous choanocyte 
chambers, ectosome between 5-50mm thick, 
proportion of mesohyl to chambers less than 1:1, 
and collencytes absent). Absence of spicules 
appeared homoplastic in Oscarella and 


Pseudocorticium, which was placed as the most 
basal ingroup branch. 


Although the topologies suggested by the two 
data sets analyzed in this study were hetero- 
geneous, their combination slightly incrcased the 
repeatability (as measured by the mean bootstrap 
support per branch) of the phylogenetic estimate 
when compared to the individual analyses. In 
general, the results of the combined data set were 
very similar in topology, resolution and support 
to those of the morphological data set, differing 
only in the relationships within Oscarella. The 
number of extra steps in each individual and 
combined analyses provided a direct measurc of 
the incongruence within and between data sets. 
Of a total of 21 extra steps required by the most 
parsimonious trees for the combined data set, 
86% (14+4) were due to incompatibility between 
characters within each data set, leaving 3 extra 
steps (14%) which reflect the incongruence 
between the two data sets (imr, Mikevich & Farris, 
1981). Incongruence between sets was lower 
than within sets (16-20.1% in each of the 
individual analyses). A ranking of the average 
performance of individual and combined data 
sets (Table 3) was calculated based on their 
performance in each index measured (Table 2). 
The combined data set ranked best, followed 
closely by the morphological data set, and more 
distantly by the cytological data set. 


DISCUSSION 


Each of the two independent and combined 
data sets analyzed suggested a different 
phylogenetic reconstruction for Homosclero- 
phorida, with varying degrecs of resolution and 
support. The morphological data set showed 
better general performance when compared to the 
cytological data set (Tables 2, 3). Morphological 
data (particularly skeletal characters) are 
traditionally the major source of phylogenetic 
information for sponge taxonomists. Skeletal 
morphology provides valuable information in 
groups with high spicule diversity, such as Astro- 
phorida and Poecilosclerida (e.g. Maldonado, 
1993; Hajdu & Van Soest, 1996), but is of little 
use in skeleton-lacking species or in groups with 
low skeletal diversity such as Haplosclerida (e.g. 
Boury-Esnault et al., 1995; Muricy et al., 1996; 
Vacelet & Donadey, 1987; De Weerdt, 1989). 
Non-skeletal morphological characters (e.g., 
shape, surface, aquiferous system) comprised 17 
out of 30 morphological characters studied, and 
14 were informative for phylogenetic analysis. 
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Ptaking jar. 
Plokina endoumernis's 
Plakna monolopha 
Oscarella tuberouldia 
Oscorella lobularis 
Oscarelia viridis 
Oscorelia microlobata 
Carticium candelabrum 
Pseudocorticium jarre 
Discodermia polyaiscus 


O) Piakna tilopha 


FIG. 3. Most parsimonious tree of the combined data 
set. Numbers beside branches are bootstrap support 
for each branch. Synapomorphies (within circles) are 
indicated as ‘character.state’: A = 4.1; B = 5.1, 6.1, 
10:4,11.1312:1,16.2,17:2,45:0;€=19.1,20.1,27.2; 
D=23.1,241,215E=11,5:2,6:0,7.1,010,3, 14,1, 
16.1, 17.1, 18.1, 47.1; F = 44.0; G = 46.0; H = 5.2. 
Homoplasies (within rectangles) are: 1=2.1, 4.2; $ = 
absence of spicules. For the names of characters and 
states see Appendix 1. 


Such non-skeletal characters, particularly the 
anatomy of the aquiferous system, can also be 
useful for the taxonomy of Homosclerophorida 
and other sponge taxa (e.g. Langenbruch, 1991; 
Bavestrello et al., 1995), and should be taken into 
account more often in sponge taxonomy. 


The cytological data set showed poorest 
resolution, support, and general performance, 
although it had the highest consistency indices of 
all data sets. This was probably due to the low 
number of informative cytological characters. 
Cytology was more informative in Oscarella and 
Pseudocorticium than in Plakina and Corticium. 
This was expected since, in Homosclerophorida, 
the aspiculatc species show greater diversity of 
cells with inclusions than the skeleton-bearing 
species (Boury-Esnault et al., 1992, 1995; 
Muricy et al., 1996, 1999). Cytological data also 
have proved useful for the systematics of other 
sponge groups such as Poecilosclerida, Haplo- 
sclerida and Hadromerida (e.g.. Simpson, 1968; 
Pomponi, 1976; Boury-Esnault et al., 1994), and 
should be more trequently used in phylogenetic 
studies of all Porifera. However, phylogenetic 
interpretation of sponge cytology is presently 
difficult due to the scarcity of information 
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available on cell function and chemistry, partic- 
ularly of the so-called ‘cells with inclusions’ 
(Simpson, 1984). An increase in number of 
functional and cytochemical studies of sponge 
cells would greatly add phylogenetic information 
to cytological data. 


How to choose the ‘best’ data set upon which 
classification should be based? One approach is 
to follow the principle of maximum evidence 
(e.g. Kluge, 1989), according to which the results 
of the combined analysis should be taken as a 
basis for classification of Homosclerophorida, 
since it was built with the maximum amount of 
independent evidence available. This approach 
has only been criticized when high between-set 
incongruence is found, because it may increase 
phylogenetic ‘noise’ and therefore reduce the 
accuracy of the combined analysis (Shaffer et al., 
1991; Chippindale & Wiens, 1994; Wiens & 
Chippindale, 1994). Incongruence between data 
sets in Homosclerophorida (i,,=0.14) is 
relatively low when compared to that found in 
other organisms (Shaffer et al., 1991; Olmstead 
& Sweere, 1994; Omland, 1994, and references 
therein). Therefore, it seems advisable in this 
case to base the classification on a combined data 
set. Another logical approach is to rank the data 
sets by their relative performances in each index 
of congruence, resolution and support recorded, 
and the data set with the best average perform- 
ance would be chosen for classification. This 
approach is shown in Table 3, in which the sets 
were ranked according to data in Table 2. It shows 
that, on average, the combined data set 
performed better than any individual data sets. 
This approach also supports using the combined 
data set as a basis for classifying the Homo- 
sclerophorida. 


The topology derived from the combined data 
set supported monophyly of Oscarella and 
Plakina and non-monophyly of Oscarellidae, 
with absence of spicules appearing as a homo- 
plastic character in Oscarella and 
Pseudocorticium. Therefore, with the currently 
available data, a classification of Homosclero- 
phorida with a single family Plakinidae Schulze 
(including Oscarellidae Lendenfeld and 
Corticiidae Vosmaer), as recently adopted by 
Solé-Cava et al. (1992), Diaz & Van Soest 
(1994), and Boury-Esnault et al. (1995), is 
preferred over the traditional classification with 
two families Plakinidae and Oscarellidac (Lévi, 
1973; Bergquist, 1978; Hartman, 1982). 


The analysis of independent data sets 
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obviously help to increase the amount of indep- 
endent evidence upon which the phylogenetic 
hypotheses are based, and to reveal conflicts 
between data that can have strong influence in the 
choice of a classification. Furthermore, 
comparison of different data sets allows the 
determination of a ‘phylogenetic confidence 
interval” for the phylogenetic hypothesis, which 
includes the topologies suggested by the 
individual and combined data sets (Bull et al., 
1993; Huelsenbeck et al., 1994). Incongruence 
between data sets suggests that probably none of 
them has given the exact answer, and this should 
caution against changes in classification in face 
of new, conflicting data, before the congruence 
of the new evidence is morc carefully evaluated. 
Therefore, the monophyly of Oscarellidac 
suggested by old classifications and by the 
cytological data set, although with relatively low 
support, cannot be completely ruled out at the 
current state of knowledge on biology of Homo- 
sclcrophorida. It is kept as an alternative, less 
parsimonious hypothesis of phylogeny, together 
with the possibility of paraphyly of both 
Oscarella and Plakina suggested by cytological 
data, which should also be taken into account in 
studies on phylogeny of Homosclerophorida. 
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APPENDIX I. Morphological and cytological characters and character-states used in phylogenetic analysis. 
Uninformative characters are marked with an asterisk (*). 


ORPHOLOGICAL CHARACTERS. 


. Surface: 0-smooth; I-wrinkled; 2-perforated. 


AID Nh WHY mm. 


8*. Oscula: 0-low; I-with elevated rim. 


. Shape: 0-sphcrical; |-thin spreading; 2-lobate/spreading; 3-small circular; 4-cushion; 5-lobate/pending. 
. Size (surface cover in em?): 0-small (<10); I-large (>10). 

. Thickness (mm): 0-thin (1-5); |-medium (5-20); 2 
. Fixation: 0-firm; I- by thin filaments; 2-loose but without filaments. 

. Size of lobes (mm): 0-absent; 1-small (1-5); 2-medium (5-20); 3-large (20-50). 


T 


-thick (20-50). 


. Arrangement of ostia: 0-dispersed; 1-alveolar pattern. 


9. Colour: 0-white/cream; |-light brown; 2-yellow; 3-green; 4-variable. | 


10. Consistency: 0-rigid; 1-cartilaginous; 2-semi-cartilaginous; 3-firm but compressible; 4-soft; 5-fragile. 


11. Canal system: 0-leuconoid; |-sylleibid. 
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APPENDIX 1 (cont.). Morphological and cytological characters and character-states used in phylogenetic 
analysis. Uninfarmative characters are marked with an asterisk (*), 


12. Choanoeyte chambers type: 0-aphodal or diplodal: |-eurypilous. 

13*, Chamber diameter (pm): 0-small (10-30); 1-large (30-70). 

14, Subdermal cavities: 0-absent; |-present. 

15*. Basal cavity: 0-absent, 1-present. 

16. Ectosome thickness (um): 0-greater than 100; 1-between 50 and 100; 2-between 5 and 50. 


17. Proportion of mesohy! to chambers: 0-greater than 2; |-between 1 and 2; 2- less than |, 
18. Spieule malformations: 0-absent; 1-present. 

19. Diods: 0-absent: 1-present. 

20. Triods: 0-absent; |-present. 

21. Smooth calthrops: 0-absent; 1-present. 

22. Monolophose calthrops: 0-absent; 1-present. 

23. Dilophose calthrops: 0-absent; |-present. 

24. Trilophose calthrops: 0-absent; |-present. 

25. Tetralophose ealthrops: 0-absent; |-present. 

26*. Candelabra (heterolophose calthrops): 0-absent; 1-present. 

27. Position of first ramification in lophose actines: 0-absent; 1-proximal; 2-medial. 
28*. Second ramification in lophose actines: 0-absent; 1-distal. 


29. Lophose actine ends: 0-absent; |-simple; 2-with terminal spines. 


30*. Desmata, oxea, and discotriaenes: 0-absent: |-present. 

CYTOLOGICAL CHARACTERS. 

31. Apopylar cells: 0-absent; | -triangular; 2-ovoid, with large osmiophilic inclusions. 
32*. Flagellum in pinacocytes: 0-absent; 1-present. 

33*. Pinacocyte shape: 0-‘T-shaped’; |-flat/ovoid. 

34*. Basement membrane: 0-absent; 1-present. 

35. Vacuolar cells type A: 0-absent; 1 -present. 

36*, Vacuolar cells type B: 0-absent; 1-normal, sparse; 2-turgid, in groups. 
| 37. Vacuolar cells type C: 0-absent; 1-present. 

38. Paracrystallin inclusions cells: 0-absent; | -present. 

39*. Homogeneous inclusions cells: 0-absent; 1-present. 

40. Single inclusion cells: 0-absent: 1-present. 

41*. Crescent cells: 0-absent; 1-present. 

42*, Microgranular inclusions cells: 0-absent; 1-present. 

43*, Spherulous/microgranular inclusions cells: 0-absent; 1-present. 

44. Sclerocytes: 0-absent; 1-present. 

45. Collencytes: 0-absent; 1-present. 

46. Endosymbiont bacteria: 0-few, sparse: 1-diversc. abundant. 


47. Distribution of endosymbiont bacteria in the mesohyl: 0-random/uniform; l-patchy; 
2-close to choanocytes; 3-far from choanocytes. 
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APPENDIX 2. Data matrix of the combined data set (characters 1-24). Names of characters and character-states 
are listed in Appendix 1. 


T Character 
axon y =e i 
we 3l4[slóol7|8l9]|10|11 E 14/15 | 16] 17/18 
cea Ts TE OI a o ARA 
jarrei | 2 | 
Plakinajani | 1 |1|1|2][2 A eral 570 Sones | aed SS ane re ttle 
| Plakina trilopha | 1 | 1 | 1 | 2 | 2 Della el Oral ae Uke poe lente limes 10 00 10 | el 
Paina SANG a lalala a 
| endoumensis | Jg 
| l 
at a al alo aa MS 0 1519 (550 1650015709188; 
t monolopha 4 
Oscarella 18 
E 2 ale 21 2) 1100] i] 4] 2 21 2] o| of of oj of o o 
pa ps E a A] | 
| Oscarella 2} 1PÉl 2| 2) o of 1] 4] 4 2} 2] o| ol ol ol o al o 
| lobularis 442 | 
| Osearella EA A EA E 212 |o|o|o|olol|olo 
__microlobata 
Oscarella viridis | 2 i 1 2 1 1 0 1 E PRO) 2|2|0|0/0|0|0|0|0 
Corticium 
a a a [o [Era de ojo |ojojo|1 1 jojo 
Discoadermia lolo lalo lolo | 0 | 0 lolo o o ojo|o|jo|ojo_lo 
polydiscus a 


APPENDIX 2 (continued). Data matrix of the combined data set (characters 25-47). Names of characters and 
character-states are listed in Appendix 1. 


7 Character 
axon i) “he 
: 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 
Pseudocorticiu | o lolo lololol1l1alri1ajolol1il1ajalalolojolol1l1la 
Jjarrei aI | + | 
Plakinajani | 1|o|2|1|2|o|2 11 |1Jojoj1lolojolo|ojo|1jo[1 |i 
( e — =U ee ES O PA 
B Plakinatrilopha | 1 | 0 | 2 |0)1),0/2;1{]1)/1)0)0)0/0/0)0)0)/0);1;)/0;1)]1)1 
la lala aa ee le eee a oe te lala elo ao 
endoumensis —]| | 
Plakina ojo |2lo 110 2l1[1|1iolololo okolo l oroli laoti o 
monolopha L J. 
Oscarella 
mbercutara EN O a E a aa e aa 
| aha olo lo lolo | OF tf tl ah te) ae (co leo lo [to 614) 051 04) 20: lo 10-20 
| 4i ES 
| Oscarella Tele lelo elo lil 2 alaba el cel ole la ole 170 
microlobata 
| Oscarellaviridis | o lolo |olol|ol1]J1i1l1jolololololo¡1]J1lo ojolojo 
p Corticium lata o a onae loco lo (o o 0 lo ero jon aa a2 
candelabrum 
| Discoderia oso loco onl loo lo oleo o lo | oO | Of] oO lolo lll 
y polydiscus ae de 


